, Please delete the present Abstract of the Disclosure. 
Please add the following new Abstract of the Disclosure: 

A cylindrical roller bearing includes an inner ring having a flange portion provided with a 
roller guide-surface which guides the end faces 4a of the cylindrical rollers having diameter of 
Da. The end face 4a away from a center axis of the cylindrical roller by 0.40Da in the radial 
direction is a first position A, and the end face 4a away from the center axis by 0.3 5Da is a 
second position B, the end face 4a contacts with the roller guide-surface between the first and 
second positions A and B, the end face 4a has a convex-shaped crowning portion 4b having a 
continuous curve which passes the first and second positions A and B, and an angle a formed 
between a line connecting the first and second positions A and B and a line perpendicular to the 
center axis is set to be 0.5° or less. 
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REMARKS 

Entry and consideration of this Amendment are respectfully requested. 
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CYLINDRICAL ROLLER BEARING 

TECHNICAL FIELD 

The present invention relates to a cylindrical 
roller bearing which is used for the transmission etc. 
of an automobile and durable of an excessive axial load 
applied thereto, and in particular relates to the 
improvement of a cylindrical roller bearing which seizure 
resistance is improved so as not to cause the seizure 
immediately even in a case of a high-speed rotation or 
a case of using low- vi scos i ty oil or a case where a 
lubricating oil device is failed and lubricating oil can 
not be supplied sufficiently. 

BACKGROUND ART 

In general, a cylindrical roller bearing is 
configured in a manner that , in order to guide cylindrical 
rollers in the circumferential direction of a raceway 
ring, a flange portion is provided at the end portion 
of the raceway ring, and the end face of each of the rollers 
is made in slide con tact with a roller guide -surface formed 
at the inner surface of the flange portion . A cylindrical 
roller bearing used for the transmission etc. of an 



automobile may be used in a state of being applied with 
an axial load in addition to a radial load. When the 
cylindrical roller bearing rotates while being applied 
with the axial load, a local stress such as an edge load 
acts on a portion where the end face of the cylindrical 
roller contacts with the roller guide- surf ace of the 
flange portion thereby to generate a large friction at 
the contact surface. When the friction becomes 
remarkable due to the high speed rotation, wear and seizure 
are caused and so there may arise a case that the bearing 
is broken in an early stage. 

Thus, in order to make a contact surface pressure 
between the end face of the roller and the roller 
guide-surface of the flange portion as uniform as possible, 
the end face of the roller or the roller guide- surf ace 
of the flange portion is slightly tapered or crowned so 
as not to cause a large edge load. 

As a technique of preventing or reducing the seizure 
of a cylindrical roller bearing, there is a technique 
of improving the surface roughness of the contact surfaces 
of the roller and the flange portion. There is another 
technique in which a crowing is provided at the end face 
of the roller so as to contact with the end face of the 
roller at the center position of the height of the flange 
thereby to prevent the contact point of an elliptical 
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shape from fa'lling into a relief groove or protruding 
largely to the outside of the flange height, for example. 

As a conventional technique, there is known a roller 
bearing in which the surface roughness of the end face 
of a roller and the flange portion to be contacted to 
each other is improved thereby to prevent the lubrication 
failure (see Japanese Patent Unexamined Publication No. 
JP-A-7 -42 746 , for example). Further, there is known 
another roller bearing in which a working grain is provided 
in a direction almost perpendicular to the relative 
movement direction in order to improve the lubrication 
efficiency (see Japanese Patent Unexamined Publication 
No. JP-A-7-91452 , for example). Furthermore, there is 
known still another roller bearing in which minute recess 
portions are provided at the contact region of a flange 
portion contacting with the end face of a roller thereby 
to intend to maintain the forming of an oil film (see 
Japanese Patent Unexamined Publication No . JP- A- 6 -2 4 12 3 5 , 
for example) . Furthermore, there is known still another 
roller bearing in which, in order to reduce an amount 
of heat generated by the sliding operation, the shape 
of a roller is changed so that the position where the 
roller contacts with a flange portion is made same as 
the outer diameter surface of the roller (see Japanese 
Patent Unexamined Publication No. JP-A- 9 -2 3 613 1 , for 
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example) !' 

Furthermore , there is proposed a technique in which 
oil films are surely formed within a roller and a flange 
surface at the rolling contact portion thereby to prevent 
or reduce seizure by placing the intersection position 
of the chamfering portion and the plane portion of the 
roller end face on the radial-direction small diameter 
side in an outer ring flange portion and the 
radial-direction large diameter side in an inner ring 
flange portion, rather than the intersection point of 
the flange surface and a relief portion for grinding (see 
Japanese Patent Unexamined Publication No. 
JP-A-2002-181053 , for example). 

However, the improvement of the surface roughness 
and the provision of the working grain as respectively 
disclosed in the JP-A-7-42746 and JP-A-7-91452 cause a 
problem of the cost-up and a problem in the stability 
of quality due to the particular processing equipment 
and the extension of the processing time. On the other 
hand, even in the case where the roller and the flange 
portion are changed in the particular shapes as disclosed 
in JP-A-6-241235 and JP-A-9-23 6131 , respectively, these 
techniques are not effective since the processing of the 
roller and the additional processing of the inner and 
outer rings raise the costs thereof. 
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The" cylindrical roller bearing disclosed in 
JP-A-2 002-181053 is configured in a manner that the. flange 
surface is crowned or that the contact portion between 
the inner ring flange portion and the roller end face 
becomes a contact portion between the outer diameter 
surface (inner ring flange surface) of a cone having a 
point as an apex and the spherical surface (the end face 
of the roller) . However, the direction of the major axis 
of the contact ellipse caused at the contact portion 
between the roller and the flange portion is the radial 
direction of the inner ring of the bearing. Thus, there 
arises a problem that the contact ellipse may protrude 
from the relief groove of the inner ring flange surfaced 
or the outer diameter of the flange surface depending 
on an amount of the axial load, so that an edge load is 
generated at the boundary surface between the contact 
ellipse and the relief groove or the boundary surface 
between the contact ellipse and the outer diameter portion 
of the flange portion. 

Further, in order to prevent the contact ellipse 
from protruding from the relief groove of the flange 
surface, it is considered to raise the center position 
of the contact ellipse which is the contact surface between 
the roller and the flange portion on the outer diameter 
side of the flange surface. However, in this case, since 
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the slippery 'degree between the roller and the flange 
portion becomes large, a heat value increases, whereby 
there arises such problems that the temperature of the 
bearing increases, scoring or seizure etc. of the flange 
portion occurs . 

In order to solve the aforesaid problems, an object 
of the invention is to provide a cylindrical roller bearing 
which can improve a seizure property and improve an 
allowable rotation speed without increasing the size of 
a bearing. 

DISCLOSURE OF THE INVENTION 

The aforesaid object of the invention is attained 
by the following configurations. 

(1) A cylindrical roller bearing comprising an inner 
ring having an inner ring raceway surface, an outer ring 
having an outer ring raceway surface and cylindrical 
rollers each disposed between the inner ring raceway 
surface and the outer ring raceway surface, wherein at 
least one of the inner ring and the outer ring has a flange 
portion provided with a roller guide-surface which 
contacts with and guides end faces of the cylindrical 
rollers, the cylindrical roller bearing is characterized 
in that 

supposing that a diameter of the cylindrical roller 
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is Da, tli'e end face of the cylindrical roller away from 
a center axis of the cylindrical roller by 0.40Da in a 
radial direction is set as a first position, and the end 
face of the cylindrical roller away from the center axis 
of the cylindrical roller by 0 . 3 5 Da in the radial direction 
is set as a second position, the end face of the cylindrical 
roller contacts with the roller guide-surface of the 
flange portion between the first position and the second 
position , 

the end face of the cylindrical roller has a 
convex-shaped crowning portion formed by a continuous 
curve which passes the first position and the second 
position, and 

an angle a formed between a straight line connecting 
the first position and the second position and a straight 
line perpendicular to the center axis of the cylindrical 
roller is set to be 0.5° or less. 

(2) The cylindrical roller bearing described in (1) is 
characterized in that the angle a satisfies a relation 
of a < 6 with respect to an open angle 9 of the roller 
guide-surface, and a surface roughness of at least the 
crowning portion at the end face of the cylindrical roller 
is set in a range of 0.02 to 0.15 umRa . Note that the 
surface roughness Ra is arithmetical surface roughness 
which defined as JIS B 0601-1994. 
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(3) A cylindrical roller bearing comprising an inner 
ring having an inner ring raceway surface, an outer ring 
having an outer ring raceway surface and cylindrical 
rollers each disposed between the inner ring raceway 
surface and the outer ring raceway surface, wherein at 
least one of the inner ring and the outer ring has a flange 
portion provided with a roller guide- surf ace which 
contacts with and guides end faces of the cylindrical 
rollers, the cylindrical roller bearing is characterized 
in that 

the end face of the cylindrical roller has a 
convex-shaped crowning portion which contacts with the 
roller guide-surface when a load of a predetermined value 
or more acts, and 

a radial direction distance h between the rolling 
surface of the cylindrical roller and a cross point where 
the end face of the cylindrical roller contacts with a 
phantom line along the roller guide-surface in a state 
where no load acts satisfies a relation of h = Da / 2 
- R' x sin (6) and 0.05 (mm) < h < 0.5 (mm), wherein Da 
represents a diameter of the cylindrical roller, 6 
represents a flange open angle of the roller guide-surface, 
and R' represents a curvature radius of the crowning 
portion . . 

(4) A cylindrical roller bearing described in ( 3 ) is 
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characterized in that the a ratio between the radial 
direction distance h and a flange height L of the flange 
portion satisfies a relation of 0.01 < h/L ^ 0.13, and 
the cross point faces on a relief groove formed in at 
least one of the inner ring raceway surface and the outer 
ring raceway surface. 

According to the cylindrical roller bearing 
described in (1), since the end face of the roller 
contacting with the roller guide-surface of the flange 
portion is configured in the aforesaid manner, a contact 
surface pressure at the contact portion between the roller 
guide-surface of the flange portion and the end face of 
the roller at the time of loading an axial load on the 
cylindrical roller bearing can be made small . As a result , 
a PV value (a product of the contact surface pressure 
P and a slip velocity V) of the contact portion can be 
reduced and the seizure resistance can be improved . Thus , 
according to the aforesaid configuration, the seizure 
resistance can be improved and an allowable rotation speed 
can also be improved without increasing the size of the 
bearing . 

Incidentally, in the cylindrical roller bearing for 
an automobile, if the outer diameter of the cylindrical 
roller is 25 mm or less, the surface roughness of 0.15 
umRa or less can be satisfied by subjecting the raceway 
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surface and £he end face of the cylindrical roller to 
the relieved end grinding. 

Further, according to the cylindrical roller bearing 
described in (3), the radial direction distance at the 
cross point based on the configuration of the end face 
of the roller and the configuration of the roller 
guide-surface of the flange portion are set in the 
aforesaid range. Thus, even when an axial load of a 
predetermined value or more is loaded on the cylindrical 
roller bearing and so the contact portion shifts towards 
the peripheral surface of the flange portion due to the 
influence of the tilt, the contact portion is prevented 
from protruding from the roller guide- surf ace . Further, 
the contact surface pressure at the contact portion 
between the roller guide- surf ace of the flange portion 
and the end face of the roller can be made small. As 
a result, the PV value (a product of the contact surface 
pressure P and a slip velocity V) of the contact portion 
can be reduced and the seizure resistance can be improved. 
Thus, according to the aforesaid configuration, the 
seizure resistance can be improved and the allowable 
rotation speed can also be improved without increasing 
the size of the bearing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a sectional diagram showing a part of the 
cylindrical roller bearing according to the first 
embodiment of the present invention; 

Fig. 2 is an enlarged diagram of a main part showing 
a portion where the roller guide-surface of a flange 
portion contacts with the end face of a cylindrical roller ; 

Fig. 3 is a sectional diagram showing a part of the 
cylindrical roller bearing according to the modified 
example of the first embodiment; 

Fig. 4 is a schematic diagram showing the shape of 
the end face of the roller measured by a shape measurement 
equipment ; 

Fig. 5 is a diagram showing the relation between 
axial loads and inner ring allowable rotation speeds in 
the test of the first embodiment; 

Fig. 6 is a sectional diagram showing a part of the 
cylindrical roller bearing according to the second 
embodiment of the present invention; 

Fig. 7 is an enlarged diagram of a main part showing 
the roller guide-surface of a flange portion and the end 
face of a cylindrical roller in a state where no load 
acts in the cylindrical roller bearing of Fig. 6; 

Fig. 8 is an enlarged diagram of a main part showing 
the roller guide-surface of the flange portion and the 
end face of the cylindrical roller in a state where a 
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load act's in "the cylindrical roller bearing of Fig. 6 ; 
and 

Fig. 9 is a diagram showing the result of the rotation 
evaluation test in the test of the second embodiment. 

In the drawings, reference numerals 1 and 21 depict 
cylindrical roller bearings, 2 and 22 inner rings, 3 and 
2 3 outer rings , 4 and 2 4 cyl indri cal rollers, 5 a retainer, 
6 and 25 flange portions, 7 and 27 roller guide-surfaces, 
10 and 26 flange rings and 28 a relief groove. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the cylindrical roller bearing 
according to the invention will be explained with 
reference to the accompanying drawings . 
(First embodiment) 

First, the cylindrical roller bearing according to 
the first embodiment of the invention will be explained. 
Fig. 1 is a sectional diagram showing a part of the 
cylindrical roller bearing according to the first 
embodiment. Fig. 2 is an enlarged diagram of a main part 
showing a portion where the roller guide-surface of a 
flange portion contacts with the end face of the 
cylindrical roller. 

As shown in Fig. 1, the cylindrical roller bearing 
1 includes an inner ring 2, an outer ring 3, cylindrical 
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rollers 4 and a retainer 5 . The inner ring 2 includes 
an inner ring raceway surface 2a at the center portion 
of the outer peripheral surface thereof. The outer ring 
3 includes an outer ring raceway surface 3a at the center 
portion of the inner peripheral surface thereof. The 
cylindrical rollers 4 held with a predetermined interval 
along the circumferential direction by the retainer 5 
are disposed so as to rotate freely between the inner 
ring raceway surface 2a and the outer ring raceway surface 
3a. 

A flange portion 6 for guiding the cylindrical 
rollers 4 in the circumferential direction of the inner 
ring 2 and the outer ring 3 is provided at each of the 
one end of the inner ring 2 and the both ends of the outer 
ring 3 . The flange portion 6 is provided at the inner 
side surface thereof with a roller guide- surf ace 7 which 
contacts with and guides the end faces 4aof the cylindrical 
rollers 4 . As shown in Fig. 2 (the figure shows the flange 
portion of the inner ring as an example) , the roller 
guide-surface 7 is formed so as to be opened outside by 
a predetermined flange open angle 9 with respect to the 
surface perpendicular to the axial direction of the 
cylindrical roller 4. The cylindrical roller 4 rolls on 
the inner ring raceway surface 2a while the end face 4a 
thereof slidably contacts with the roller guide-surface 
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7 of the flange portion 6 . 

Supposing that the diameter of the cylindrical 
roller 4 is Da, the end face 4a of the cylindrical roller 
4 away from the center axis CL of the cylindrical roller 
4 by 0.40Da in the radial direction is set as a first 
position A, and the end face 4a of the cylindrical roller 
4 away from the center axis CL of the cylindrical roller 
4 by 0.35Da in the radial direction is set as a second 
position B, the end face 4a of the cylindrical roller 
4 is formed so as to contact with the roller guide-surface 
7 of the flange portion 6 between the first position A 
and the second position B. 

The end face 4a of the cylindrical roller 4 is 
provided with a convex- shaped crowning portion 4b which 
is formed by a continuous curve of a curvature radius 
R passing two points of the first position A and the second 
position B. In the crowning portion 4b, an incl ined angle 
a formed between a straight line connecting the first 
position A and the second position B and a straight line 
perpendicular to the center axis CL of the cylindrical 
roller is set to be 0.5° or less as shown by the following 
formula . 

a = Tan _1 { (a drop amount of the roller at the first position 
A - a drop amount of the roller at the second position 
B) /0 . 05Da} < 0.5°. 
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The crowning portion 4b of the end face 4a thus formed 
is given by the relieved end grinding using an elastic 
grinding stone with the Young's modulus in a range of 
10 to 500 MPa. The surface roughness of at least the 
crowning portion 4b at the end face 4a of the cylindrical 
roller 4 is set in a range of 0.02 to 0.15 ymRa. The end 
face 4a of the cylindrical roller is provided with a 
circular recess portion 4c at the center portion thereof 
and a chamfer portion 4d at a portion adjacent to the 
rolling surface. 

According to the embodiment, since a region between 
the first position A and the second position B on the 
end face 4a of the cylindrical roller 4 is set as a contact 
region where the roller guide-surface 7 of the flange 
portion 6 contacts with the end face 4a of the cylindrical 
roller 4, the contact region opposes to almost the center 
portion in the thickness direction of the flange portion 
and so is located at the optimum position for pivotally 
supporting an axial withstand load. 

The crowning portion 4b of the end face 4a of the 
cylindrical roller 4 is configured so as to be formed 
by the continuous curve which passes the two points of 
the first and second positions A and B and have the inclined 
angle a of 0.5° or less, whereby the contact surface 
pressure at the contact region in the case of acting an 
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axial load thereon can be reduced and a PV value can be 
reduced. In this embodiment, the inclined angle a at the 
contact region of the end face 4a of the cylindrical roller 
4 is set to be smaller as compared with the flange open 
angle 9 of the roller guide-surface 7 so that the contact 
surface pressure is adjusted to be reduced depending on 
the relation between the inclined angle a and the flange 
open angle 0 . 

Further, according to the embodiment, a crowing 
portion is not provided at the entirety of the end face 
of the roller unlike the conventional technique, but only 
the region between the first position A and the second 
position B on the end face 4a of the cylindrical roller 
4 is formed by the continuous curve, so that the processing 
time can be made short and the cost can be reduced. 
Furthermore, since only such the region is processed, 
the roughness thereof can be made good and the seizure 
resistance can be improved. The crowning portion 4b may 
be formed only at the region at least between the first 
position A and the second position B, or may be formed 
so as to extend to both sides from the region between 
the two points A and B. 

In this embodiment, although the explanation is made 
as to the flange portion on the inner ring side, the flange 
portion on the outer ring side can be configured in the 
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same manner." Further, the flange portion is not limited 
to one which is directly formed in a flange-shape with 
respect to each of the inner and outer rings, but the 
flange portion may be one which is formed by a flange 
ring provided separately from the raceway ring. 
Furthermore, the flange portion may be a double flange 
type or a single flange type. That is, if an axial load 
is applied to only one direction at the time of usage, 
the flange portion may be provided only at one end portion 
side to which the axial load acts. For example, as shown 
in Fig. 3, a flange ring 10 formed separately from the 
tack ring may be provided at the inner ring 2, and the 
roller guide- surf ace 7 of the flange ring 10 and the end 
face 4a of the cylindrical roller 4 may be configured 
in the aforesaid manner. 

The contact region includes one in a case where at 
least the center of the contact ellipse caused when the 
cylindrical roller 4 contacts with the flange portion 
6 locates between the first position A and the second 
position B. 
(Test 1) 

Next, a rotation efficiency test was made by using 
the cylindrical roller bearings 1 of the first embodiment 
in which the cylindrical rollers 4 had different end face 
shapes, respectively. Incidentally, each of the 
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cylindrical roller bearings 1 employed in embodiments 
1 to 3 and comparative examples 1, 2 had an inner diameter 
of 45 mm, an outer diameter of 75 mm and a width of 20 
mm. Each of the cylindrical rollers 4 had a diameter Da 
of 7 . 5 mm and a length of 13 mm. The numbers of the rollers 
was 18. A retainer made of iron was used as the retainer 
5 . The flange open angle 9 of the flange portion 6 provided 
at each of the inner ring 2 and the outer ring 3 was set 
to be 0.5°. 

The surface roughness of each of the inner ring 
raceway surface 2a, the outer ring raceway surface 3a 
and the roller guide-surface 7 of the flange portion 6 
was set to a range of 0.05 to 0.20 umRa. The surface 
roughness of the rolling surface of each of the cylindrical 
rollers 4 of the respective embodiments and the respective 
comparative examples was set to 0.15 umRa . Further, the 
surface roughnesses of the end faces 4a of the cylindrical 
rollers 4 of the respective embodiments and the respective 
comparative examples were set to values shown in a table 
1 due to the grinding process using the elastic grinding 
stone with the Young's modulus in a range of 10 to 500 
MPa. 
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TABLE 1 





Averag 
e drop 
amount 
at 

0 . 40Da 

(3mm) 

from 

center 

axis 

of 

roller 


Average 
drop 
amount 
at 

0 . 35Da 
( 2 . 6 2 5mm 
) from 
center 
axis of 
roller 


Incline 
d angle 
a (°) at 
roller 
end 
face 


Surface 
roughnes 
s of 
roller 
end face 
( pmRa ) 


Remarks 


Embodimen 
t 1 


5pm 


1 . 8pm 


0 .49 


0 . 15 




Embodimen 
t 2 


4pm 


1 . 9pm 


0 .32 


0 . 05 




Embodimen 
t 3 


2 . 5pm 


1 . 5pm 


0 .27 


0 . 1 




Comparat i 
ve example 
1 






0 


0 . 2 


No 

crownin 
g at end 
face 


Comparati 
ve example 
2 


10 pm 


6 pm 


0 . 61 


0 . 1 





As to the end face configurations of the cylindrical 



rollers 4 of the respective embodiments and the respective 
comparative examples , the continuity and the drop amounts 
thereof can be recognized at the respective positions 
as shown in Fig. 4 by setting the longitudinal 
magnification and the vertical magnification thereof to 
about 1000 and about 20, respectively, by using a shape 
measurement equipment of a longitudinal type , for example . 
The roller drop amount at the first position A, that 
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is, a position away from the roller center axis in the 
radial direction by 0.40 Da (a position away from the 
roller center by 3 mm) can be given by calculating the 
average value of roller drop amounts dl , dl ' at two 
positions obtained from Fig . 4. Further, the roller drop 
amount at the second position B, that is, a position away 
from the roller center axis in the radial direction by 
0.35 Da (a position away from the roller center by 2.625 
mm) can be given by calculating the average value of roller 
drop amounts d2 , d2 ' at two positions obtained from Fig. 
4 . 

The table 1 shows the average roller drop amounts 
at the first position A and the second position B and 
the inclined angles a given by the average roller drop 
amounts of the two positions A and B in the respective 
embodiments and the respective comparative examples . 
The comparative example 1 is a case where the end face 
of the cylinder roller was not subjected to the crowing 
processing . 

A rotation evaluation test of the respective 
cylindrical roller bearings was performed under the 
following condition. 

(Test condition) 
Bearing load Fr : 4,500 N (C = 45,000N, P/C = 0.1) 
Fa : 1,000 to 3 , 000 N 
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Rotation speed N : 4,000 rpm or more 
Supplied oil amount 100 cc/min 

Fig. 5 shows the results of the rotation evaluation 
test in the respective embodiments and the respective 
comparative examples. As shown in the test results, the 
embodiments 1 to 3 could obtain sufficient allowable 
rotation speeds as compared with the comparative examples 
1, 2. That is, the allowable rotation speeds could be 
improved since the crowning portion 4b formed by the 
continuous curve was provided between the first position 
A and the second position B in the contact region and 
the inclined angle a of the straight line connecting the 
first position A and the second position B was set to 
be 0.5° or less which was smaller than the flange open 
angle 0 . 

This is because, in the actual usage, since there 
exists a bearing clearance between the flange portion 
6 and the end face 4a of the cylindrical roller 4, the 
roller changes or inclines its posture due to the influence 
of a tilt T and so the contact position between the roller 
guide-surface 7 of the flange portion 6 and the end face 
4a of the cylindrical roller 4 moves elevationally . 
However, in each of the embodiments 1 to 3 , since the 
crowning portion 4b configured in the aforesaid manner 
is provided at the contact region of the end face 4a of 
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the cylindrical roller 4, a larger contact surface can 
be obtained as compared with the comparative examples 
1, 2. As a result, in each of the embodiments 1 to 3 , 
the contact surface pressure can be made smaller as 
compared with the comparative examples 1, 2. 

Further, since the surface roughness of the end face 
4a including at least the crowning portion 4b was set 
in a range of 0.02 to 0.15 umRa, it became possible to 
reduce the friction coefficient between the roller 
guide-surface 7 of the flange portion 6 and the end face 
4a of the cylindrical roller 4, and further the oil film 
forming property was improved and the allowable rotation 
speed was increased. In particular, according to the 
embodiment 2, since the surface roughness of the end face 
4a was set to 0.05 umRa, it became possible to reduce 
a heat value generated between the flange portion 6 and 
the end face 4a of the cylindrical roller 4 and so the 
allowable rotation speed was increased. 

On the other hand, in the comparative example 1, 
since the end face 4a of the cylindrical roller 4 was 
not subjected to the crowing processing, seizure abrasion 
was caused at the flange portion 6 of the inner ring 2 
at 2,000 rpm in the case of Fa = 1,000 N and at 500 rpm 
in the case of Fa = 3, 000 N. The reason of the occurrence 
of the seizure abrasion is considered that the surface 
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pressure increased at the flange portion 6 to cause the 
seizure since the end face 4a of the cylindrical roller 
4 was not subjected to the crowing processing. 

In the comparative example 2, although the end face 
4a of the cylindrical roller 4 was subjected to the crowing 
processing, since the roller guide- surf ace contacted with 
the end face 4a at the outer side of almost the center 
portion of the flange portion 6, the sliding velocity 
was large and the contact area was small, whereby seizure 
occurred due to the local contact. 

Thus, according to the cylindrical roller bearing 
of the first embodiment, supposing that the diameter of 
the cylindrical roller 4 is Da, the end face 4a of the 
cylindrical roller away from the center axis of the 
cylindrical roller by 0.40Da in the radial direction is 
set as the first position A, and the end face 4a of the 
cylindrical roller away from the center axis of the 
cylindrical roller by 0.35Da in the radial direction is 
set as the second position B, the cylindrical roller 
bearing is configured in a manner that the end face 4a 
of the cylindrical roller contacts with the roller 
guide-surface 7 of the flange portion between the first 
position A and the second position B, the end face 4a 
of the cylindrical roller has the convex-shaped crowning 
portion 4b formed by the continuous curve passing the 
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first position A and the second position B, and the angle 
a formed between the straight line connecting the first 
position A and the second position B and the straight 
line perpendicular to the center axis of the cylindrical 
roller is set to be 0.5° or less. Accordingly, when an 
axial load is loaded on the cylindrical roller bearing, 
the contact surface pressure of the contact portion 
between the roller guide-surface of the flange portion 
and the end face of the roller can be reduced and the 
PV value (a product of the bearing surface pressure P 
and the slip velocity V) can be reduced , whereby the sei zure 
can be prevented from occurring. Thus, according to the 
aforesaid configuration, without increasing the size of 
the bearing, the seizure resistance can be improved and 
the allowable rotation speed can be improved. 
(Second embodiment) 

Next, the cylindrical roller bearing according to 
the second embodiment of the invention will be explained. 
Fig. 6 is a sectional diagram showing a part of the 
cylindrical roller bearing according to this embodiment. 
Fig. 7 is an enlarged diagram of a main part showing the 
roller guide- surf ace of the flange portion and the end 
face of the cylindrical roller in a state where no load 
is acting in the cylindrical roller bearing of Fig. 6. 
Fig. 8 is an enlarged diagram of a main part showing the 



24 



roller guide-surface of the flange portion and the end 
face of the cylindrical roller in a state where a load 
is acting in the cylindrical roller bearing of Fig. 6. 

The cylindrical roller bearing shown in Fig. 6 is 
a cylindrical roller bearing for a manual transmission 
for a truck to which a large axial load together with 
a radial load is applied. The cylindrical roller bearing 
21 includes an inner ring 22, an outer ring 23 and 
cylindrical rollers 24. The inner ring 22 includes, at 
the outer peripheral surface thereof, an inner ring 
raceway surface 22a extending from one end thereof along 
the axial direction. The outer ring 23 includes an outer 
ring raceway surface 23a at the center portion of the 
inner peripheral surface thereof. Cylindrical rollers 
24 are disposed so as to rotate freely between the inner 
ring raceway surface 22a and the outer ring raceway surface 
23a. 

A flange portion 25 for guiding the cylindrical 
rollers 24 in the circumferential direction of the inner 
ring 22 and the outer ring 23 is provided at each of the 
other end of the inner ring 22 and the both ends of the 
outer ring 23. An annual flange ring 26 having an outer 
diameter larger than that of the inner ring raceway surface 
22a is abutted against the one end surface of the inner 
ring 22. Each of the flange portion 25 and the flange 
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ring 26 is provided at the inner surface thereof with 
a roller guide-surface 27 which has a flange height L 
from the outer ring raceway surface or the inner ring 
raceway surface to the peripheral surface thereof and 
contacts with and guides the end face24aof the cylindrical 
roller 24. As shown in Fig . 7 ( the f igure shows the flange 
portion of the inner ring as an example) , the roller 
guide-surface 27 is formed so as to be opened outside 
by a predetermined flange open angle 6 with respect to 
the surface perpendicular to the axial direction of the 
cylindrical roller 24. The cylindrical roller 24 rolls 
on the inner ring raceway surface 22a while the end face 
24a thereof slidably contacts with the roller 
guide-surface 27 of the flange portion 25. 

The end face 24a of the cylindrical roller 24 is 
provided at the center portion thereof with a circular 
recess portion 24b and also provided at a portion adjacent 
to the rolling surface with a chamfer portion 24c. The 
end face 24a of the cylindrical roller 24 is provided 
at the outside (the upper side in Fig. 7) of the radial 
direction of the chamfer portion 24c with a convex-shaped 
crowning portion 24d formed by a continuous curve with 
a curvature radius R' . 

Supposing that a cross point where the crowning 
portion 24d contacts with a phantom line C along the roller 
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guide-surface 27 is Q in a state where none of a radial 
load and an axial load act, a radial direction distance 
h between the cross point Q and the rolling surface of 
the cylindrical roller 24 (or the inner ring raceway 
surface 22a) satisfies the following formula 
geometrically . 

h = Da / 2 - R' x sin (6) (1) 

where Da represents the diameter of the cylindrical 
roller . 

When the cylindrical roller bearing 21 is used, there 
generally exists a radial clearance in a range of about 
10 to 50 urn. Thus, as shown in Fig. 8, when a radial load 
of a predetermined value or more acts , due to the influence 
of a tilt T by which the cylindrical roller 24 inclines 
in the width direction, the cross point Q shifts on the 
upper side of the radial direction and so becomes a contact 
point Q at which the end face of the cylindrical roller 
actually contacts with the roller guide -surf ace 27 . Thus , 
the position of the cross point Q in a state where no 
load acts is set on the lower side of the flange portion 
25 in advance so that the end face 24a of the cylindrical 
roller 24 actually contacts with almost center position 
of the roller guide-surface 27 or the lower side from 
the center position thereof when a large axial load acts. 
To be concrete, the radial direction distance h of the 
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cross point Q is set in the following manner. 

0.05 (mm) < h < 0.5 (mm) (2) 

That is, the conventional technique is designed in 
a manner that the contact point between the end face 24a 
of the cylindrical roller 24 and the roller guide-surface 
27 in a state where no load acts is set at almost the 
center portion of a flange height L , and a contact ellipse 
which becomes large when an axial load becomes large is 
received at the center portion of the flange height L. 
However, in fact, the contact ellipse protrudes outside 
of the flange height L and so a PV value becomes large, 
whereby the seizure likely occurs. 

Thus, according to the cylindrical roller bearing 
21 with a large axial load resistance according to this 
embodiment, the curvature radius R' of the crowning 
portion 24d is set large with respect to the conventional 
relation between the curvature radius R ' of the crowning 
portion 24d of the end face and the flange portion 25 
and then a calculation is made in view of the influence 
of the tilt and a skew. Thus, the cylindrical roller 
bearing is configured in a manner that the contact point 
Q is set on the lower side (the relief groove 28 of the 
inner ring raceway surface 22a) of the flange portion 
25 when an axial load is small and the contact point Q 
shifts around the center of the flange height L when an 
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actual axial load (for example, 1 ton or more) is applied. 

In this embodiment, when the cross point Q is set 
so as to satisfy the formula (2) in the state where no 
load acts , the cross point Q faces within the relief groove 
28 which is provided on the inner side (the lower side 
in Fig. 7) of the radial direction from the roller 
guide-surf ace 27 . In this respect , in the configuration 
where the relief groove 28 is designed to be small and 
the roller guide-surface 27 protrudes to the inner side 
of the radial direction, the cross point Q may actually 
contact with the roller guide-surface 27 in a state where 
no load acts . 

Further, in thi s embodiment , in view of the influence 
of the tilt at the time where an axial load of the 
predetermined value or more acts, a ratio between the 
radial direction distance h and the flange height L of 
the cross point Q in the state where no load acts is set 
in the following manner so that the cross point Q does 
not exceed the flange height L. 

0.01 (mm) < h/L < 0.13 (mm) (3) 

Thus, in this embodiment, the cross point Q between 
the end face 24a of the cylindrical roller 24 and the 
phantom line C along the roller guide-surface 27 of the 
flange portion 25 in the state where no load acts is set 
on the lower side of the flange portion 25, that is, set 
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so that the radial direction distance h of the cross point 
Q satisfies the formula (2) . Thus, even when the tilt 
causes in the case where an excessive axial load of the 
predetermined value or more acts, the cross point Q 
generates the contact ellipse at almost the center of 
the flange height L or the lower side position from the 
center thereof and so actually contacts with the roller 
guide-surface 27. Thus, even when a high load acts, the 
PV value at the contact point can be reduced and so the 
seizure resistance can be improved. 

In this embodiment, although the explanation is made 
as to the flange portion on the inner ring side, the flange 
portion on the outer ring side can be configured in the 
same manner. Further, this embodiment may be cons tituted 
by the configuration of a roller guide-surface formed 
at a flange ring provided separately from the raceway 
ring and the end face of the cylindrical roller. 
Furthermore, the flange portion may be a double flange 
type or a single flange type. That is, if an axial load 
is applied to only one direction at the time of usage, 
the flange portion may be provided only at one end portion 
side to which the axial load acts. 

In the cylindrical roller bearing for an automobile 
like this embodiment, if the outer diameter of the 
cylindrical bearing is 25 mm or less, the seizure 
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efficiency can be further improved by stetting the surface 
roughness of the raceway surface and the end face of the 
cylindrical roller to 0.15 umRa or less by means of the 
grinding process and by setting the surface roughness 
of the end face of the roller and the contact surface 
of the flange surface to about 0.02 umRa by the super 
finishing 
(Test 2) 

Next, a rotation evaluation test was made by using 
the cylindrical roller bearings 21 of the second 
embodiment in which the cylindrical rollers 24 had 
different end face shapes and the flange portions had 
different roller guide-surface shapes. Incidentally, 
each of the cylindrical roller bearings 21 employed in 
embodiments 4 to 6. and comparative examples 3, 4 was JIS 
No. NUPK313 (a keystone type having an inner diameter 
of 65 mm, an outer diameter of 140 mm, a width of 33 mm, 
a roller diameter Da of 20 mm, a roller length 1 of 23 
mm, the number of the rollers of 16 and having no retainer) . 

The surface roughness of each of the inner ring 
raceway surface 22a, the outer ring raceway surface 23a 
and the roller guide-surface 27 of the flange portion 
25 was set in a range of 0.05 to 0.20 umRa by the relieved 
end grinding or the super finishing processing . Further , 
the surface roughness of the rolling surface of the 
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cylindrical' roller 24 in each of the embodiments and the 
comparative examples was set to the same value of 0.15 
umRa . A table 2 shows the flange open angles 6 of the 
roller guide- surf aces 27and the curvature radiuses R' 
at the crowning portions 24d of the end faces 24a of the 
cylindrical rollers 24. 



TABLE 2 





Curvatur 
e radius 
R' (mm) at 
crowing 
portion 


Flang 
e open 
angle 
e (°) 


Radius 

directio 

n 

distance 
h ( mm ) a t 
cross 
point Q 


h / L 


Remark 
s 


Embodiment 
4 


1 , 810 


0 . 3 


0 . 5 


0 . 13 




Embodiment 
5 


1, 140 


0 . 5 


0 . 05 


0 . 01 




Embodiment 
6 


800 


0 . 7 


0 . 2 


0 . 05 




Comparat iv 
e example 3 


1, 500 


0 . 3 


2 . 1 


0 . 53 


Aiming 
center 
of 

flange 
height 


Comparativ 
e example 4 


1, 905 


0.3 


0 . 03 


0 . 00 
3 





The rotation evaluation test of the respective 



cylindrical roller bearings was performed under the 
following condition. 
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(Test condition) 

Bearing load Fr: 19,000 N (C = 189,000 N, P/C = 0.1) 
Fa: 25 , 000 N 

Rotation speed N: 500 to 6,000 rpm (tested for ten 
minutes and increased at every 500 rpm) 

Supplied oil amount 5 cc/min (transmission oil: 80W - 
90) 

Incidentally, the number N of the test was 2, and 
the rotation speed at which the temperature of the bearing 
increased to 160 C 9 or more or at which the bearing 
vibration became five times as large as the initial 
vibration due to the abrasion or seizure was set as the 
allowable rotation speed. 

Fig. 9 shows the result of the rotation evaluation 
test in the respective embodiments and the respective 
comparative examples. As shown in the test results, it 
was admitted that the allowable rotation speeds in the 
embodiments 4 to 6 increased sufficiently as compared 
with the comparative examples 3, 4. 

In the embodiment 4, the curvature radius R' of the 
crowning portion 24d was set to 1,810 mm and the flange 
open angle Q of the roller guide-surface 27 was set to 
0.3°, and so the radial direction distance h of the cross 
point Q in a state where no load acted was 0 . 5 mm (h/L 
= 0.13). In a state where a radial load and an axial load 
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acted on the cylindrical roller bearing 21 thus configured 
it was confirmed that the cross point Q caused a contact 
ellipse together with the roller guide-surface 27 due 
to the influence of the tilt T at the height of 2 mm from 
the inner ring raceway surface to actually contact with 
the roller guide- surf ace and so the end face 24a of the 
cylindrical roller 24 contacted with the roller 
guide-surface at almost the center position of the flange 
height L. Further, from the result of the rotation 
evaluation test shown in Fig. 9, it is understood that 
none of the seizure and the abrasion occurred until the 
rotation speed increased to 5,000 rpm (the seizure 
occurred when the rotation speed of 5,000 rpm continued 
1 0 minutes ) . 

In the embodiment 5, the curvature radius R' of the 
crowning portion 24d was set to 1,140 mm and the flange 
open angle 9 of the roller guide-surface 27 was set to 
0.5°, and so the radial direction distance h of the cross 
point Q in a state where no load acted was 0.05 mm (h/L 
= 0.01) . In the state where a radial load and an axial 
load acted on the cylindrical roller bearing 21 thus 
configured, it was confirmed that the cross point Q caused 
the contact ellipse together with the roller guide -surface 
27 due to the influence of the tilt T at the height of 
1 . 2 mm from the inner ring raceway surface to actually 
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contact with the roller guide-surface and so the end face 
24a of the cylindrical roller 24 contacted with the roller 
guide-surface at the lower side from the center position 
of the flange height L. Further, from the result of the 
rotation evaluation test shown in Fig . 9, it is understood 
that none of the seizure and the abrasion occurred until 
the rotation speed increased to 6,000 rpm (the seizure 
occurred when the rotation speed of 6,000 rpm continued 
10 minutes ) . 

Further, in the embodiment 6, the curvature radius 
R' of the crowning portion 24d was set to 800 mm and the 
flange open angle 9 of the roller guide-surface 27 was 
set to be further inclined to 0.7°, and so the radial 
direction distance h of the contact point Q in 1 the state 
where no load acted was 0.2 mm (h/L = 0.05) . In the state 
where a radial load and an axial load acted on the 
cylindrical roller bearing thus configured, it was 
confirmed that the cross point Q caused the contact ellipse 
together with the roller guide-surface 27 due to the 
influence of the tilt T at the height of 1.6 mm from the 
inner ring raceway surface to actually contact with the 
roller guide-surface and so the end face 24a of the 
cylindrical roller 24 contacted with the roller 
guide-surface at almost the center position of the flange 
height L. Further, from the result of the rotation 
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evaluation test shown in Fig. 9, it is understood that 
none of the seizure and the abrasion occurred until the 
rotation speed increased to 5,500 rpm (the seizure 
occurred when the rotation speed of 5,500 rpm continued 
1 0 minutes ) . 

On the other hand, the comparative example 3 was 
configured in a manner that the curvature radius R' of 
the crowning portion 24d was set to 1 , 500 mm and the flange 
open angle 9 of the roller guide-surface 27 was set to 
0.3°, and the radial direction distance h of the cross 
point Q in the state where no load acted was 2 . 1 mm (h/L 
= 0.53) . In other words, in the comparative example 3, 
the cross point Q in the state where no load acted was 
the contact point at which the cross point actually- 
contacted with the roller guide-surface 27 and which was 
almost the center point of the flange height L. However, 
in the state where a radial load and an axial load acted, 
the cross point Q shifted to the height of 4 mm due to 
the influence of the tilt T, and so the cross point Q 
at the end face of the cylindrical roller protruded from 
the outer diameter side of the roller guide- surf ace 
according to the calculation. Thus, a peripheral 
velocity V became higher and so the seizure and the abrasion 
occurred when the rotation speed of 1,000 rpm continued 
for five minutes . 
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Further, the comparative example 4 was configured 
in a manner that the curvature radius R' of the crowning 
portion 24d was set to 1,905 mm and the flange open angle 
9 of the roller guide- surf ace 27 was set to 0.3°, and 
the radial direction distance h of the cross point Q in 
the state where no load acted was 0.01 mm (h/L = 0.003) . 
In other words, the comparative example 4 was specified 
in a manner that there was scarcely any crowing at the 
end face 24a, and so the end face 24a of the cylindrical 
roller 24 contacted with the edge at the relief groove 
28. In this configuration, in the state where a radial 
load and an axial load acted, the cross point Q still 
positioned within the relief groove despite of the 
influence of the tilt T, and so the end face 24a contacted 
with the edge at the relief groove 28. Thus, the seizure 
and the abrasion occurred when the rotation speed of 500 
rpm continued for a short time of four minutes. 

Accordingly, as clear from this rotation endurance 
test, it was confirmed that when the radial direction 
distance h at the cross point Q where the end face 24a 
of the cylindrical roller 24 contacted with the phantom 
line C along the roller guide-surface 27 was designed 
so as to satisfy the formulas (2) and (3) , the allowable 
rotation speed could be increased and the seizure 
efficiency could be improved. 
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Thus,' the cylindrical roller bearing according to 
the second embodiment is configured in a manner that the 
end face 24a of the cylindrical roller 24 is provided 
with the convex-shaped crowningportion 24dwhich contacts 
with the roller guide-surface 27 in the case where a load 
of the predetermined value or more acts, and that the 
radial direction distance h between the rolling surface 
of the cylindrical roller 24 and the cross point where 
the end face 24a of the cylindrical roller 24 contacts 
with the phantom line C along the roller guide-surface 
27 satisfies the relation of h = Da / 2 - R' x sin (9) 
and 0.05 (mm) ^ h < 0.5 (mm), wherein Da represents the 
diameter of the cylindrical roller 24, 9 represents the 
flange open angle of the roller guide-surface 27, and 
R ' represents the curvature radius of the crowning portion 
24d. According to such a configuration , even when an axial 
load of the predetermined value or more is applied to 
the cylindrical roller bearing and the contact point 
shifts toward the periphery of the flange portion due 
to the influence of the til t , the contact point is prevented 
from moving out of the roller guide -surf ace and the contact 
surface pressure at the contact portion between the roller 
guide-surface of the flange portion and the end face of 
the roller can be made small. As a result, the PV value 
(a product of the contact surface pressure P and the slip 
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velocity V) of the contact portion can be reduced and 
the seizure resistance can be improved. Thus, according 
to the aforesaid configuration, the seizure resistance 
can be improved and the allowable rotation speed can also 
be improved without increasing the size of the bearing. 

It should be understood by those skilled in the 
art that although the invention has been explained in 
detail with reference to the particular embodiments, 
various changes and modifications may be made without 
departing from the spirit and the scope of the invention. 
Although the standard heat treatment of SUJ2 is 
performed in the aforesaid embodiments, the seizure 
resistance can be improved by subject the carburizing 
treatment and the carboni tr iding treatment to the 
cylindrical roller and the inner and outer rings . Further, 
the seizure resistance can be further improved by using 
case-hardened steel as the material, setting the retained 
austenite amount in a range of 20 to 45% and setting the 
surface hardness Hv in a range of 700 to 850. 

The retainer used in the embodiments may be a pressed 
retainer made of iron, a retainer made of plastics or 
a keystone type having no retainer etc., for example. 
Incidentally, although the test was made by using the 
cylindrical roller bearing of the keystone type having 
no retainer in the second embodiment , i f a pressed retainer 
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made of iron is used or if a retainer made of plastics 
is used in a high-speed rotation state, the frictional 
coefficients of the cylindrical roller and the retainer 
are reduced, whereby the seizure efficiency can be further 
improved . 

The present application is based on Japanese Patent 
Application (jp 2003-168107) filed on June 12, 2003 and 
Japanese Patent Application (JP 2003-291258) filed on 
August 11, 2003, the content of which is hereby 
incorporated by reference into this application. 

INDUSTRIAL APPLICABILITY 

As described above, the invention is usable as the 
cylindrical roller bearing which can improve the seizure 
resistance and also improve the allowable rotation speed 
without increasing the size of the bearing. 
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